This paper considers a two-level supply chain consisting of one warehouse and one retailer. Unlike the most similar models which determine the optimal ordering policy according to inventory cost only, in this model, we also consider the transportation cost. We assume that the demand rate at the retailer is known and the demand is confined to a single item. Shortages are allowed neither at the retailer nor at the warehouse. The objective is to find the economic order quantities for both the retailer and the warehouse which minimize the total cost. That is, the sum of the holding and ordering cost at the retailer and warehouse as well as the transportation cost from warehouse to retailer. Numerical results show savings can be made by this model in comparison to the model of optimal ordering policy in which the transportation cost is not considered.
1-INTRODUCTION
The goal of many research efforts related to the supply chain management is to present models to reduce operational costs. Inventory holding cost and the transportation cost are regarded as the most important operational costs in a supply chain. There are many research undertakings in supply chain that consider the transportation cost as a part of the ordering cost and thus assume that it is independent of the size of the shipment. Axsater [1, 2] , Forsberg [3, 4] , Matta and Sinha [5] , and Seifbarghi and Akbari [6] investigate different models in a two-level inventory system. These models include a central warehouse and a number of retailers. In these models, the total cost consists of holding cost at the warehouse and at the retailers as well as the shortage cost at the retailers. Silver et al. [7] investigate a supply chain consisting of one warehouse and one retailer with external demand rate known with certainty. In this model, the total cost consists of fixed replenishment costs of warehouse and the retailer as well as the holding costs of warehouse and retailer.
In practical cases, transportation cost is affected by the shipment size and vice versa. So, it is important to determine the economic order quantity to minimize the overall logistics costs. Ghanshan [8] introduces a threelevel supply chain consisting of a number of identical retailers, one central warehouse, and a number of identical suppliers. In this model, the objective function consists of ordering, holding and transportation costs. This model considers the 1-4244-0451-7/06/$20.00 C2006 IEEE transportation cost as a function of order quantity but ignores the capacity of vehicle. Ertogral et al. [9] consider a vendor-buyer supply chain model and incorporate the transportation cost. The transportation cost depends on shipment size. All-unit-discount transportation cost structures with and without over declaration have been considered in their work. Huang et al. [10] consider a two-level supply chain in which a warehouse delivers its products to many retailers. Each retailer faces a constant and deterministic demand. The objective is to determine an optimal stationary ZIO (Zero Inventory Ordering) policy for both warehouse and retailers in which the average transportation and inventory cost is minimized. Transportation cost consists of a fixed cost and a variable cost which is linearly proportional to the amount of quantity ordered. (Figl) . We assume that the retailer faces deterministic demand with a constant demand rate and the demand is confined to a single item. Shortage is allowed neither at the retailer nor at the warehouse. The transportation time for an order to arrive at a retailer from the warehouse is assumed to be constant. The warehouse orders to an external supplier. The lead time for an order to arrive at the warehouse is assumed to be constant. The objective is to find the economic order quantity (EOQ) for the retailer and the warehouse. Unlike the most similar models which determine EOQ just according to inventory costs, in this model, we consider the transportation cost as well. Thus, the total cost is the sum of holding and ordering costs at retailer and at warehouse plus the transportation cost from warehouse to retailer.
2-TRANSPORTATION SCHEME
In this model, we suppose that there are three types of vehicle and delivery of each order from warehouse to retailer is made by a single vehicle without splitting. It is a common transportation scheme in most practical cases. We define these types as small (S), medium (M) and large (L). Each type has its own fixed cost, variable cost and the capacity size. Table 1 shows the context of transportation scheme. Figure 2 .
We suppose that the demand rate at the retailer and the transportation time to the retailer are constant. Shortage is not allowed at retailer, so, inventory level at retailer is a simple EOQ model and behaves as depicted in The total cost is the sum of holding and ordering costs at the retailer and at the warehouse plus the transportation cost from warehouse to the retailer. The objective is to find the economic order quantity (EOQ) for the retailer and for the warehouse in order to minimize the total cost:
min CTi(QW,Qr)= DAW hw(n-I)Qw DA,r According to propositions 1, 2 and 3, we can conclude that for a pre-determined n the optimal value of Qr can be obtained the same as an EOQ model with incremental quantity discounts, as described by Hadley and Whitin [11] .
We develop a search algorithm based on the model presented by Ertogral et al. [9] to obtain the optimal value of n, and Q As mentioned above, we apply the EOQ model. Thus, we need a lower bound and an upper bound for n to create our search algorithm. decrease Qr less than Q*r. Hence, the n* in Eq. (5) would be an upper bound on n. In summary, the procedure to obtain the values of n and Qr is as follow:
Algorithm:
1 Sen =L jAw rh
Lhw(Ar +fl) 2-For each n ,...,nP find the optimal value of Qr and the corresponding minimum total cost (CT). 3-The solution which has the minimum total cost among the solutions in step 2 is the overall optimal solution.
5-NUMERICAL RESULTS
In this section we apply this model to a real case. We present a pharmaceutical downstream supply chain of a public hospital in which, the hospital pharmacy (H.P) is considered as retailer (because it delivers the pharmaceutical products to several care units). The hospital pharmacy orders these products to the central pharmacy (C.P), considered here as the warehouse that delivers to several hospitals [12] . We target a part of pharmaceutical products, ordered regularly with fixed quantities and at fixed periods. The objective is to minimize the total cost of system consisting of the sum of holding and ordering costs at the central pharmacy and at hospital pharmacy as well as the transportation cost. Tables 2 and 3 give the transportation data and four types of pharmacy product respectively. The capacity and variable costs of vehicles are according to volume. In order to apply our algorithm we need to transform these parameters (capacity and variable cost of vehicles) in unit of product. Table 4 presents the capacity and variable costs of vehicles in term of product unit. Tables 8 and 9 , we can conclude that the economic order quantity is affected by transportation cost. 
